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Seven types of ferritinized iectin were used to examine the distribution of glycoconjugates on the 
outer segment membranes of lamprey photoreceptor cells. Ultrastructural pre-embedding labeling 
revealed that peanut agglutinin, soybean agglutinin and Rieinus eommunis agglutinin I were 
preferentially bound to the proximal, lateral and luminal surfaces of the long cell outer segments, 
whereas Griffonia simplicifolia agglutinin H and concauvalin A agglutinin were bound to the 
corresponding surfaces of the short cell outer segments. The results indicate that there is marked 
difference in the composition of glycoconjugates over the outer segment membranes between long 
and short photoreceptors. Copyright © 1996 Elsevier Sdence Ltd. 
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INTRODUCTION 
Glycoconjugates, including glycolipids, glycoproteins 
and proteoglycans, are present in the disk and plasma 
membrane of photoreceptor cells. Although the precise 
function of these molecules i  unknown, they may play 
an important role in phagocytosis by the pigment 
epithelium (O'Brien, 1976) and the assembly of outer 
segment membranes (Fliesler & Basinger, 1985). Lectins 
have been used as probes for the identification and 
characterization f glycoconjugates on the cell surface 
(Sharon & Lis, 1972). Through a series of histochemical 
studies, certain types of lectins have been shown as useful 
to distinguish between rod and cone photoreceptors in the 
vertebrate r tina (Bridges & Fong, 1980). Concanavalin 
A (Con A) and wheat germ agglutinin (WGA) bind to 
mannosyl and N-acetyl-glucosaminyl residues constitut- 
ing the carbohydrate moiety of rhodopsin in the bovine 
retina (Steinemann & Stryer, 1973; Fukuda et al., 1979). 
Peanut agglutinin (PNA) is considered torecognize cone 
cells in the teleostean, amphibian and mammalian retina 
(Bridges & Fong, 1980; Uehara et al., 1983; Blanks & 
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Johnson, 1984). In this context, the short cell of lamprey 
retina was identified as a primitive rod, the long cell as a 
primitive cone (Ishikawa et al., 1989). However, the 
degree of resolution afforded by prior light microscopic 
studies has made it difficult to determine whether lectin 
binding is localized to the actual outer segment 
membrane in addition to the surrounding interphoto- 
receptor matrix (Johnson et al., 1986). 
In the present study, ultrastructural pre-embedding 
labeling was undertaken with seven types of ferritin (Fer) 
conjugated lectins to determine more precisely the 
distribution of glycoconjugates on the outer segment 
membranes of the lamprey photoreceptor cells. 
MATERIALS AND METHODS 
Reagents 
The following types of lectin were used in this study: 
Fer-conjugated PNA, soybean agglutinin (SBA), Ricinus 
communis agglutinin I (RCA), Griffonia simplicifolia 
agglutinin II (GS), Con A, WGA, and Ulex europaeus 
agglutinin I (UEA). The reagents were commercially 
supplied from E. Y. Laboratories (San Mateo, CA, 
U.S.A.). 
Haptenic sugars, D-galactose (Gal), N-acetyl-D-galac- 
tosamine (GalNAe), N-acetyl-D-glucosamine, m thyl-D- 
mannoside, and L-fucose were used against PNA and 
RCA, SBA, GS and WGA, Con A, and UEA, 
respectively. 
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FIGURE 1. Electron micrograph containing long (LPC) and short photoreceptor cells (SPC). The retina is detached from the 
pigment epithelium, and incubated with Fer-PNA. The lamprey retina is characterized by the conspicuous arrangement of 
sclerally located LPCs---and vitreally situated SPC------ellipsoid bodies. High magnification views of rectangle areas are enlarged 
in Fig. 4(a) and (b). Abbreviations: OS, outer segment; IS, inner segment; E, ellipsoid body; bar = 1/tin, x 5000. 
FIGURE 2. Schematic drawing of long photoreceptor cell of the lamprey retina. A part of the plasma membrane (*) is peeled 
open and the structures inside the outer segment are exposed. Examined regions consist of proximal (po) and lateral surfaces of 
the outer segment (1o) as well as the luminal surface (lu) of the disk membrane. The corresponding surfaces of the short 
photoreceptor cell are also examined. The di and cp represent the distal surface of the inner segment and ciliary plasma 
membrane, respectively. Position of the ellipsoid body (E) is indicated. Abbreviations: .OS, outer segment; IS, inner segment. 
Pre-erabedding lectin cytochemistry 
Adult river lampreys (Lampetra japonica) were 
commercially obtained from local fishery agent. After 
dark adaptation for 2 hr, the fish were pithed to remove 
the eyes. The retinas were detached from the pigment 
eiaithelium, trimmed into small pieces and fixed with 
2.5% glutaraldehyde in phosphate buffer (pH 7.4; 0.1 M) 
at 4°C for 2 hr. Specimens were washed with phosphate- 
buffered saline (PBS), followed by incubation with 
Fer-lectin (1 mg/ml) at 4°C for 4 hr. For the control 
study, some specimens were incubated with 1 mg/ml 
Fer-lectin and its haptenic sugar (0.1 M). 
To expose the luminal surface of disk membranes and 
put them in contact with lectins, some unfixed specimens 
were incubated with hypotonic buffer solution (0.01 M 
phosphate buffer; pH 7.4) for 5 sec. After fixation with 
glutaraldehyde, they were frozen in liquid nitrogen slush 
and thawed out in the Fer conjugated lectin solution at 
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TABLE 1. Lectin binding to each surface of the lamprey photoreceptor 
outer segment membranes  
Proximal surface Lateral surface Luminal surface 
LPC SPC LPC SPC LPC SPC 
PNA + + - + + - + + _ 
SBA ++ - ++ - ++ _ 
RCA .+ + + + + + + + + + 
GS - ++ - ++ - ++ 
ConA ++ +++ ++ +++ ++ +++ 
WGA ++ ++ ++ + ++ ++ 
UEA . . . . . .  
Abbreviations: PNA, peanut agglutinin; SBA, soybean agglutinin; 
RCA, Ricinus communis agglutinin I; GS, Griffonia simplicifolia 
agglutinin II; Con A, concanavalin A agglutinin; WGA, wheat 
germ agglutinin; UEA, Ulex europaeus agglutinin I. 
The intensity of lectin labeling was qualitatively evaluated by the 
density of Fer particles on each surface of outer segments of the 
long photoreceptor cell (LPC) and short photoreceptor cell (SPC) 
as negative (-), weak (+), moderate (+ +), or intense reaction 
(++~-). 
FIGURE 3. Proximal surface of the outer segment (OS) and opposing 
distal surface of the inner segment (IS) of long (a) and short cell (b) 
after incubation with Fer-PNA. Note a number of ferritin particles 
(arrowheads) onthe proximal surface of the outer segment, incontrast 
to the scarcity on the opposing distal surface of the inner segment in
long cell. In short cell, such polarity of PNA labeling seems to be 
reversed. Opposing surfaces of the outer and inner segments of long (c) 
and short cell (d) after incubation with Fer-SBA. Note a number of 
ferritin particles (arrowheads) on the proximal surface of the outer 
segment, in contrast to the absence on the opposing distal surface of the 
inner segment in long cell. Each surface of the short cell shows 
vestigial labeling. Opposing surfaces of the outer and inner segments 
of long (e) and short cell (f) after incubation with Fer-RCA. There 
seems to be a preference of labeling for the proximal surface of the 
outer segment, in contrast to less intense labeling on the opposing 
distal surface of the inner segment inlong cell. Such a labeling pattern 
is reproduced in short cell. Bars = 0.1/~m, xg0,o00. 
4°C for 4 hr. This procedure was a modification of that 
previously described by R6hlich (1976). After washing 
again with PBS, specimens were post-fixed with 1% 
OsO4 in 0.1 M phosphate buffer at room temperature for 
60 min, dehydrated through a graded ethanol series and 
embedded in Epon. Ultrathin sections were photographed 
with the H-700 electron microscope at 30,000 and printed 
at 90,000 magnification. 
RESULTS 
The lamprey retina displayed a two-layered arrange- 
ment of long and short cells; the ellipsoid bodies of the 
outer segments of the long cells were located sclerally, 
whereas those of short cells were situated vitreally (Fig. 
1). 
In the present ultrastructural labeling, photoreceptor 
plasma membranes were impermeable to Fer-lectins, so 
that lectin-binding was limited to the free surfaces of the 
photoreceptor uter segments. The proximal, lateral and 
exposed luminal surfaces of the photoreceptor outer 
segments seemed to be freely accessible to the incubation 
medium containing Fer-lectins. Therefore, we examined 
the lectin-binding sites on these three surfaces marked in 
Fig. 2. The number of the examined regions was 13-15 
for each surface of the outer segments taken from 
different samples. Lectin binding sites were made visible 
by a variable series of 10 nm Fer particles along the 
membranes on a electron micrograph. Observations of 
lectin binding on each surface were summarized for long 
and short cells in Table 1. 
Specific lectin binding for long cell outer segments 
On the proximal surfaces of the outer segments, Fer- 
PNA [Fig. 3(a)] and Fer-SBA [Fig. 3(c)] showed specific 
labeling for the long cell. On short cell outer segments, by 
contrast, they attached vestigially to the corresponding 
surfaces of the short cell outer segments [Figs 3(b) and 
3(d)]. There seemed to be no difference in the labeling 
density of Fer-RCA on the proximal surface of the outer 
segments between long [Fig. 3(e)] and short cell [Fig. 
3(0]. 
On the lateral and luminal surfaces of the outer 
segments, Fer-PNA [Figs 4(a) and 5(a)] and Fer-SBA 
[Figs 4(c) and 5(c)] showed specific labeling for the long 
cell. Short cell outer segments were negative for their 
binding [Figs 4(b), 5(b), 4(d) and 5(d)]. The Fer-RCA 
was preferentially bound to the lateral [Fig. 4(e)] and 
luminal surface regions of the long cell outer segments 
[Fig. 5(e)]. Less intense labeling was obtained on the 
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FIGURE 4. Lateral surfaces ofthe outer segments of long (a) and short 
cell (b) after incubation with Fer-PNA. A number of Fer-PNA particles 
(arrowheads) are deposited on the lateral surface of the long cell outer 
segment, but only a trace of ferritin particles i recognized on the 
corresponding surface of the short cell outer segment. Lateral surfaces 
of the outer segments of long (c) and short cell (d) after incubation with 
Fer-SBA. Note a number of ferritin particles (arrowheads) onthe 
lateral surface of the long cell outer segment, in contrast tothe absence 
on the corresponding surface of the short cell outer segment. Lateral 
surfaces of the outer segments of long (e) and short cell (f) after 
incubation with Fer-RCA. Note more numerous ferritin particles 
(arrowheads) onthe lateral surface of the long cell outer segment than 
those on the corresponding surface of the short cell outer segment. 
Bar = 0.1 #m, × 90,000. 
corresponding surfaces of the short cell outer segments 
[Fig. 4(t) and 5(1)]. 
Specific lectin binding for short cell outer segments 
On the proximal, lateral and luminal surfaces of the 
outer segments, Fer-GS showed specific labeling for the 
short cell [Figs 7(b), 6(a), 6(b) and 9(b)]; the correspond- 
ing surfaces of the long cell outer segments were negative 
[Figs 7(a), 6(b) and 9(a)]. The Fer-Con A showed 
labeling preference for each surface region of the short 
cell outer segments [Figs 7(d), 8(b) and 9(d)] compared 
with the corresponding region of the long cell outer 
segments [Figs 7(c), 8(a) and 9(c)]. There seemed to be 
no difference in the labeling density of Fer-WGA on the 
proximal and luminal surface of the outer segments 
between long [Figs 7(e) and 9(e)] and short cells [Figs 
7(1) and 9(1)]. On the lateral surface of the long cell outer 
segments [Fig. 8(c)], Fer-WGA showed a preference of 
labeling, in contrast to less intense labeling on the 
corresponding surface of the short cell outer segments 
[Fig. 8(d)]. The Fer-UEA was negative in binding to each 
surface of the outer segments of both photoreceptor cells 
[Figs 7(g), 7(h), 8(e), 8(0, 9(g) and 9(h)]. 
In the specimens incubated with a mixture of Fer-lectin 
and a specific haptenic sugar, reaction for lectins was 
remarkably reduced all over the regions. 
DISCUSSION 
The electron microscopic studies described here reveal 
that there is marked difference in the composition of 
glycoconjugates over the outer segment membranes 
between long and short photoreceptors. The PNA-, 
SBA- and RCA-binding glycoconjugates were preferen- 
tially localized in the photoreceptive membranes of the 
long cell, whereas GS- and Con A-binding glycoconju- 
gates were localized in those membranes of the short cell. 
The PNA, which recognizes GaI-GalNAc disaccharide 
linkages (Lotan et aL, 1975), is known to bind to the cone 
photoreceptor plasma membrane in addition to the 
surrounding extracellular matrix sheaths in the monkey 
retina (Sameshima et al., 1987; Blanks et al., 1988). The 
present study was initiated to assess whether PNA- 
binding is associated irectly with the disk or plasma 
membrane, or the surrounding interphotoreceptor matrix 
(IPM) in the lamprey retina. However, the PNA-positive 
IPM has not been found around the long cell and Fer- 
PNA directly binds to the disk or plasma membranes of 
the long cell outer segments. Our preliminary PNA 
blotting against the extract of lamprey outer segment 
membranes developed two obvious bands at 78 and 
110 kDa (unpublished ata), which were different from 
those reported in mammalian and avian retinas (Hageman 
& Johnson, 1986). These results may suggest that there is 
a difference in the molecular composition of PNA- 
positive glycoconjugates of lamprey and other higher 
vertebrates. 
In the present study, the binding of SBA, which 
recognizes GalNAc (Lis et aL, 1970), is identical to PNA- 
binding. The SBA has been reported to bind specifically 
to the cone outer segment in the frog retina (Nir & Hall, 
1979). The SBA, on the other hand, has not shown any 
binding in the mouse (Blanks & Johnson, 1983) and 
human retina (Kivel~i & Tarkkanen, 1987; Sfnderstr6m, 
1988). Considering the specificity of SBA for the long 
cell outer segment, SBA may have a binding preference 
for cone cells of lower vertebrates rather than those of 
higher vertebrates. 
Although the binding of RCA, which recognizes Gal 
(Nicolson et aL, 1974), is similar to that of PNA in the 
lamprey photoreceptor, it is not identical. The major 
difference is that PNA or SBA binds long cell outer 
segment exclusively, while RCA binds short cell to some 
extent in addition to long cell. Therefore, RCA cannot be 
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FIGURE 5. Freeze-thawed membranous disks of the long (a) and short c~li outer segments (b) after incubation with Fer-PNA. 
Note a number of ferritin particles (arrowheads) confined to long cell disks, in contrast to their absence in short cell disks. L, 
luminal cavity. Freeze-thawed membranous disks of the long (c) and short cell outer segments (d) after incubation with Fer- 
SBA. Note a number of Fer-SBA particles (arrowheads) restricted in long Cell disks, in contrast to the absence in short cell disks. 
Freeze-thawed membranous disks of the long (e) and short cell outer segments (f) after incubation with Fer-RCA. Note more 
numerous ferritin particles (arrowheads) in long cell disks than those in short cell disks. Bars = 0.1/~m, ×90,000. 
FIGURE 6(a). Electron micrograph of the long (LOS) and short cell 
outer segments (SOS) after Fer-GS incubation. High magnification 
view of rectangle area is enlarged in (b). E, ellipsoid body; bar = 1 #m, 
x 6000. (b) Note a number of ferritin particles (arrowheads) on the 
lateral surface of the outer segment of short cell, in contrast o the 
absence on the corresponding surface of the long cell. Bar = 0.1/~m, 
× 90,000. 
considered as a specific probe for long cell-like PNA or 
SBA. It is of interest hat RCA has been reported to 
preferentially bind to the proximal surface of rod outer 
segments inthe bovine retina (Hicks & Molday, 1985), or 
to the corresponding surface of cone outer segments in 
the frog retina (Nir & Hall, 1979). It has been discovered 
that the proximal portion of the outer segments i  stacked 
with newly synthesized disks (Olive, 1980). Therefore, 
RCA labeling may suggest that new disks are character- 
ized by Gal-positive glycoconjugates. In the present 
study, RCA does not show the specific labeling of the 
proximal surface of the long or short cell outer segments 
and its binding glycoconjugates seemed to be evenly 
distributed on each surface of the outer segments of both 
cells. Since the glycoconjugates may play an important 
role in the incorporation of visual pigments into disk 
membranes (Fliesler & Basinger, 1985), the data suggest 
that lamprey photoreceptor cell may organize and 
maintain the photoreceptive membranes in a different 
manner to higher vertebrates. 
The GS (isolectin II of Griffonia simplicifolia), which 
recognizes GlcNAc (Lyer et al., 1976), was specifically 
bound to the short cell outer segment membrane. In the 
human retina, specific GS-binding to rod photoreceptor 
outer segments has been reported (Bishop et al., 1993). 
The result is particularly interesting, as it suggests that 
GS can be used as a specific probe for the photoreceptive 
membrane of rod-type cell in the vertebrate r tina. 
Con A and WGA have been considered to bind to 
bovine rhodopsin molecule (Steinemann & Stryer, 1973; 
Fukuda et al., 1979). Therefore, Con A and WGA are 
expected to show identical abeling distribution on rod 
outer segments. However, the present study revealed a
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FIGURE 8. Lateral surfaces of the outer segments of long (a) and short 
cell (b) after incubation with: Fer-Con A. Note ferritin particles 
(arrowheads) on the lateral surface of the outer segment of long cell, 
and more numerous on that of short cell. Lateral surfaces of the long (c) 
and short cell outer segments (d) after incubation with Fer-WGA. Note 
more numerous Fer-WGA particles (arrowheads) on the lateral surface 
of the outer segment of long cell. Lateral surfaces of the outer segments 
of long (e) and short cell (0 after incubation with Fer-UEA. Note the 
negative labeling of the lateral surface of the outer segments of both 
cells. CP, calycal process; bars = 0.1/tm, x 90,000. 
FIGURE 7. Proximal surface of the outer segment (OS) and opposing 
distal surface of the inner segment (IS) of long (a) and short cell (b) 
after incubation with Fer-GS. In the long cell, there seem to be no 
ferritin particles on each surface. Note a number of ferritin particles 
(arrowheads) on the proximal surface of the outer segment of short 
cell, in contrast o the scarcity of particles on the opposing distal 
surface of the inner segment. Opposing surfaces of the outer and inner 
segments of long (c) and short cell (d) after incubation with Fer-Con A. 
There are less numerous ferritin particles (arrowheads) on the proximal 
surface of the outer segment of long cell than those on the corres- 
ponding surface of short cell. Note a number of ferritin particles on the 
luminal surface of the outer segment of long cell (arrows). Distal 
surfaces of the inner segments of both cells were labeled with Fer-Con 
A. Opposing surfaces of the outer and inner segments of long (e) and 
short cell (f) after incubation with Fer-WGA. Note almost he same 
number of Fer-WGA particles (arrowheads) on the proximal surface of 
the outer segment of long and short cell. A number of ferritin particles 
are also present on the distal surface of the inner segment of both long 
and short cells. Opposing surfaces of the outer and inner segments of 
long (g) and short cell (h) after incubation with Fer-UEA. Each 
membrane surface shows negative in UEA labeling. Bars = 0.1 ,um, 
x 90,000. 
difference in the labeling density on the short cell outer 
segment between Con A and WGA.  Lectin binding to its 
receptor has been known to be enhanced or inhibited by 
the presence of the adjacent carbohydrate chains (Wu, 
1984). Therefore, it is suggested that WGA binding to 
rhodopsin might be reduced by steric hindrance, 
especial ly on the lateral surface of  the short cell outer 
segment. 
Fer -WGA has been known to be bound to the rod- -but  
not cone- -assoc iated IPM in the monkey retina (Same- 
shima et  al., 1987; Fariss et al,, 1990). However,  the 
WGA-pos i t ive IPM has not been found around the short 
cell and Fer -WGA directly binds to the disk or plasma 
membranes of  the long cell outer segments. The 
corresponding result is obtained in the study of PNA-  
posit ive IPM, which cannot be found around the long 
cell. It has been considered that the retinal IPM is a major 
route by which nutrients and metabolites pass between 
photoreceptor cells and the pigment epithelium (Johnson 
et al., 1986). It seems difficult to determine whether the 
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FIGURE 9. Freeze-thawed membranous disks of the long (a) and short cell outer segments Co) after incubation with Fer-GS. 
Note a number of ferritin particles (arrowheads) confned to short cell disks, in contrast to the absence in long cell disks. L, 
luminal cavity. Freeze-thawed membranous disks of the long (c) and short cell outer segments (d) after incubation with Fer-Con 
A. Note a number of Fer-Con A particles (arrowheads) in long cell disks, and more numerous in short cell disks. Freeze-thawed 
membranous disks of the long (e) and short cell outer segments (f) after incubation with Fer-WGA. Note almost he same 
number of ferritin particles (arrowheads) in long and short cell disks. Freeze-thawed membranous disks of the long (g) and short 
cell outer segments (h) after incubation with Fer-UEA. There seem to be no ferritin particles on the luminal surfaces of the outer 
segments in both cells. Bars = 0.1/~m, × 90,000. 
present results represent species differences in the 
presence of PNA-binding IPM, or the loss of IPM during 
specimen preparation. In the former case, the absence of 
WGA- or PNA-positive IPM might indicate that lamprey 
photoreceptors are nourished in a different manner to 
higher vertebrates with the IPM. 
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